INTRODUCTION
F l u t t e r o f propfans and o t h e r types o f turbomachinery b l a d i n g i s an import a n t phenomenon t h a t has generated considerable i n t e r e s t . F l u t t e r p r e v e n t i o n has been a s i g n i f i c a n t f a c t o r i n t h e design of propfan blades. F l u t t e r prevent i o n i s a l s o s i g n i f i c a n t for turbomachinery, p a r t i c u l a r l y f o r unshrouded blades. A s a r e s u l t , a comprehensive f l u t t e r a n a l y s i s procedure for r o t a t i n g blade systems i n c o r p o r a t i n g general mistuning and t h r e e dimensional subsonic aerodynamics i s being developed a t the NASA Lewis Research Center ( r e f s . 1 t o 3).
Research on t h e a e r o e l a s t i c behavior o f propfans has progressed from b o t h t h e s t r u c t u r a l and the aerodynamic viewpoints. Because of t h e complex geomet r y o f t h e propfan, s t r u c t u r a l modeling has s h i f t e d from an i n i t i a l beam model
( r e f . 4 ) to advanced f i n i t e element models ( r e f s . 2, 3, 5, and 6). Aerodynamic models evolved from two-dimensional l i f t i n g l i n e t h e o r y ( r e f s . 2 and 7)
t o three-dimensional l i f t i n g surface theory ( r e f . 8 ) . Development o f aerodynamic models w i t h supersonic, transonic, and separated flow e f f e c t s i s a l s o a c o n t i n u i n g e f f o r t a t present. A e r o e l a s t i c a n a l y s i s of propfans ( r e f s . 2 t o 5 and 9) has k e p t pace w i t h developments i n s t r u c t u r a l and aerodynamic modeling.
Comparisons w i t h experimental data ( r e f s . 2 , 3 , and 10) have r e s u l t e d i n reasonable confidence i n a n a l y t i c a l p r e d i c t i o n s .
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With the recent advances i n computer technology, automated design o f propf a n and turbomachinery blades u s i n g o p t i m i z a t i o n techniques has become p r a c t ic a l . E f f o r t s i n t h i s d i r e c t i o n have a l r e a d y begun ( r e f s . 1 
t o 15). Design o p t i m i z a t i o n employing f l u t t e r c o n s t r a i n t s r e q u i r e s repeated s o l u t i o n o f t h e a e r o e l a s t i c equations o f motion t o o b t a i n t h e f l u t t e r parameters as t h e design i s updated.
time, an automated f l u t t e r a n a l y s i s c a p a b i l i t y i s e s s e n t i a l . I t i s a l s o d e s i ra b l e f o r the analysis t o be c o m p u t a t i o n a l l y e f f i c i e n t i n o r d e r t o keep t h e cent r a l processing u n i t (CPU) time and t h e turnaround t i m e w i t h i n reasonable l i m i t s .
For t h e o p t i m i z a t i o n t o be performed i n a r e a l i s t i c p e r i o d o f
The conventional f l u t t e r a n a l y s i s procedure, based on t h e k-method ( r e f . 1 6 > , casts the equations o f motion as a complex l i n e a r eigenvalue probiem where t n e r e a i ana imaginary p a r t s o f the eigenvalue are t h e e f f e c t i v e damping and frequency r e s p e c t i v e l y o f the a e r o e l a s t i c s y s t e m . c o n s i s t s o f an inner-outer i t e r a t i o n l o o p t o o b t a i n the f l u t t e r Mach number and frequency. The inner i t e r a t i o n l o o p matches t h e assumed frequency t o t h e c a lc u l a t e d frequency w h i l e the o u t e r loop i t e r a t e s on t h e Mach number t o o b t a i n a z e r o e f f e c t i v e damping.
The s o l u t i o n A stumbling b l o c k i n the development of a r e l i a b l e automated procedure has P r e v ibeen t h e need t o t r a c k several eigenvalues through p o s s i b l e crossovers. ous e f f o r t s i n the development o f automated f l u t t e r a n a l y s i s procedures f o r f i x e d wings attempted t o overcome t h i s d i f f i c u l t y i n two ways. eigenvalue d e r i v a t i v e i n f o r m a t i o n t o p r e d i c t t h e crossovers and then keep t r a c k o f them d u r i n g the i t e r a t i o n ( r e f s . 17 and 18). Apart from being cumbersome, t h i s procedure required t h e d e r i v a t i v e s o f t h e aerodynamic f o r c e c o e f f i c i e n t s w i t h respect t o Mach number and assumed frequency. The o t h e r development was t o use an accurate approximation t o t h e eigenvalue which would r e t a i n t h e cont i n u i t y o f t h e eigenvalues over t h e d e s i r e d range o f Mach number and assumed frequency ( r e f . 19 ). This l a t t e r method i s s u s c e p t i b l e t o t h e accuracy and t h e r e l i a b i l i t y o f the approximation over a wide range and r e q u i r e s c a r e f u l One was t o use m o n i t o r i n g . I i addition',' the inner-outer i t e r a t i o n loop i n t h e conventional procedure i s computationally expensive. The i n n e r loop i n v o l v e s the computa t i o n o f the matrix of aerodynamic c o e f f i c i e n t s and the s o l u t i o n o f a complex eigenvalue problem. v o l v i n g s t r u c t u r a l and/or aerodynamic mistuning.
This can degrade e f f i c i e n c y , p a r t i c u l a r l y f o r problems The Dresent work explores an e f f i c i e n t and automated procedure which nreplaces t h e c o s t l y inner-outer double i t e r a t i o n loop w i t h a s i n g l e i t e r a t i o n loop. The need t o t r a c k the eigenvalues i s a l s o avoided. This i s accomp l i s h e d by viewing the f l u t t e r problem as a complex i m p l i c i t double eigenvalue problem and d i r e c t l y s o l v i n g f o r t h e f l u t t e r Mach number and t h e f l u t t e r f r equency by a quasi-Newton determinant i t e r a t i o n . The f l u t t e r eigenvalues a r e never c a l c u l a t e d and t h e avoidance o f eigenvalue t r a c k i n g makes t r u e automat i o n p o s s i b l e . An accurate approximation t o t h e Jacobian m a t r i x which makes t h e i t e r a t i v e process very e f f i c i e n t i s a new f e a t u r e o f the present procedure The proposed procedure i s t e s t e d by a p p l y i n g i t t o t h e f l u t t e r a n a l y s i s of a propfan model a t a number of r o t a t i o n a l speeds.
While the idea of d i r e c t s o l u t i o n o f the f l u t t e r equation i s n o t new ( r e f s . 16, 20, and 21) , i t has n o t been very popular. One reason may be t h a t the a l t e r n a t i v e s o l u t i o n , i n v o l v i n g f l u t t e r eiaenvalues, has more p h y s i c a l appeal. However, the imperatives o f i n g the computational expense o f an automati n i the f 1 u t t e r anal y s i s-and reducnner-outer i t e r a t i o n loop make t h e d i r e c t Hassig ( r e f . 16) uses a secant-based determinant i t e r a t i o n t o o b t a i n the matched f l u t t e r frequency and approximate s u b c r i t i c a l r a t e o f decay whereas t h e present procedure o b t a i n s both the matched f l u t t e r Mach number and the matched f l u t t e r frequency by a more e f f i c i e n t implementation o f determinant i t e r a t i o n . Cardani and Mantegazza ( r e f . 21) solve the f u l l s e t of n o n l i n e a r equations of motion w i t h o u t u s i n g determinant i t e r a t i o n t o o b t a i n the matched values o f f l u t t e r Mach number, f l u t t e r frequency and the f l u t t e r mode simultaneously. solved t o o b t a i n the f l u t t e r p o i n t and t h e f l u t t e r mode i s obtained very e f f ic i e n t l y w i t h the information a v a i l a b l e from the f i n a l i t e r a t i o n . The Jacobian approximation and the d i r e c t s o l u t i o n procedure presented here are a p p l i c a b l e t o any a e r o e l a s t i c s t a b i l i t y a n a l y s i s , i n c l u d i n g f i x e d wing, i n a s t r a i g h t f o rward manner.
I n the procedure developed here, o n l y two n o n l i n e a r equations are
The Jacobian approximation i s a l s o g e n e r a l l y a p p l i c a b l e t o d e t e ri t e r a t i o n i n any a p p l i c a t i o n .
NOMENCLATURE g e n e r a l i z e d aerodynamic f o r c e m a t r i x system f l u t t e r m a t r i x system f l u t t e r determinant r e a l p a r t o f the f l u t t e r determinant imaginary p a r t o f the f l u t t e r determinant Jacobian m a t r i x counter used i n determinant i t e r a t i o n generalized s t i f f n e s s m a t r i x The computational procedure t o be presented i s a p p l i e d to the a n a l y t i c a l f o r m u l a t i o n described i n d e t a i l i n references 2 and 3. This f o r m u l a t i o n i s a p p l i c a b l e t o the f l u t t e r a n a l y s i s o f a s i n g l e r o t o r propfan c o n t a i n i n g an a r b i t r a r y number o f blades r o t a t i n g a t a f i x e d speed i n an a x i a l f l o w . The s t r u c t u r e i s modeled by f i n i t e elements. The aerodynamic model ( r e f . 8) i s based on a three-dimensional subsonic compressible l i f t i n g surface theory.
For s i m p l i c i t y , the e f f e c t o f steady deformations due t o aerodynamic loads on the f l u t t e r boundary i s neglected. The error introduced by i g n o r i n g the steady aerodynamic deformations i s s t u d i e d i n reference 2 and i s shown t o be small enough t o produce an approximate f l u t t e r p o i n t . I n p a r t i c u l a r , the e f f e c t o f t h e steady aerodynamic deformations on the f l u t t e r Mach number i s n o t very s i g n i f i c a n t . Thus, the approximate f l u t t e r a n a l y s i s n e g l e c t i n g steady aerodynamic deformations i s s u i t a b l e f o r use i n design o p t i m i z a t i o n procedures r e q u i r i n g repeated e f f i c i e n t execution o f the f l u t t e r a n a l y s i s . design can be e a s i l y checked f o r the f l u t t e r c o n d i t i o n by u s i n g the r e f i n e d f l u t t e r a n a l y s i s w i t h steady deformations and the conventional procedure. d i s t r i b u t e d about a r i g i d d i s k . The l i n e a r i z e d a e r o e l a s t i c equations o f motion are then uncoupled f o r d i f f e r e n t inter-group phase angle modes. The f l u t t e r Mach number for the propfan i s then the lowest Mach number a t which one o f the i n t e r g r o u p phase angle modes becomes unstable. For a given i n t e rgroup phase angle or, the equations o f motion, a f t e r modal transformation, can be w r i t t e n i n the form ( r e f . The conventional procedure for o b t a i n i n g t h e f l u t t e r Mach number and f r equency, o u t l i n e d i n references 2 and 3 and i l l u s t r a t e d i n f i g u r e 1 (reproduced from r e f . 2 i g n o r i n g the computation o f steady deformations due to aerodynamic loads), i s as follows. The aerodynamic m a t r i x i s evaluated a t an assumed Mach number and an assumed frequency and then equation ( 3 ) i s solved f o r a l l t h e eigenvalues, ~2 . gram c a l l e d ASTROP3. I n general, these eigenvalues are complex. The r e a l and imaginary p a r t s of i o r e p r e s e n t t h e e f f e c t i v e damping and frequency, respect i v e l y . The assumed frequency i s v a r i e d u n t i l i t i s equal t o t h e frequency corresponding to the eigenvalue w i t h the l e a s t e f f e c t i v e damping. quency matching forms t h e i n n e r i t e r a t
i o n . When t h i s i t e r a t i o n reaches convergence, t h e Mach number i s v a r i e d u n t i l t h e e f f e c t i v e damping o f t h e eigenvalue corresponding t o t h e matched frequency i s equal t o zero. This forms t h e o u t e r i t e r a t i o n . t h e convergence o f t h e o u t e r i t e r a t i o n .
This procedure has been implemented f o r propfans i n a proThis f r eThe f l u t t e r Mach number and the f l u t t e r frequency are obtained a t
The conventional procedure cannot be r e l i a b l y automated because i t r e q u i r e s the p r e s e r v a t i o n o f t h e i d e n t i t y or o r d e r i n g o f t h e eigenvalues over a wide range of assumed frequencies and Mach numbers. t i n e s do n o t compute the eigenvalues i n any p a r t i c u l a r o r d e r and t h e s o r t i n g of eigenvalues by frequency or magnitude does n o t u s u a l l y preserve t h e continui t y . Loss o f c o n t i n u i t y necessitates user i n t e r v e n t i o n and complicates the automated a n a l y s i s .
Most e i g e n s o l u t i o n rou-I n o r d e r t o a l l e v i a t e these problems, a d i r e c t s o l u t i o n o f equation ( 3 )
viewed as an i m p l i c i t double eigenvalue problem i s proposed and described below.
DIRECT SOLUTION OF THE FLUTTER EQUATION
When t h e dependence o f t h e aerodynamic m a t r i x on t h e assumed Mach number and frequency i s considered e x p l i c i t l y , equation (3) 
These equations can be solved by any of the methods for s o l v i n g a system o f n o n l i n e a r equations. When equations ( 7 ) are solved f o r MF and UF, equat i o n ( 4 ) i s s a t i s f i e d and no f u r t h e r i t e r a t i o n s are r e q u i r e d for the purpose o f matching assumed and computed q u a n t i t i e s . This procedure i s i l l u s t r a t e d i n f i g u r e 2. Once MF and OF are found, inverse i t e r a t i o n can be used t o f i n d t h e f l u t t e r mode.
I n c o n t r a s t t o t h e conventional procedure, t h e d i r e c t s o l u t i o n o u t l i n e d
here e l i m i n a t e s the need t o t r a c k eigenvalues t o determine t h e f l u t t e r p o i n t . I n a d d i t i o n t o t h i s important b e n e f i t , the double i t e r a t i o n on t h e complex e i g e n s o l u t i o n i s replaced by a s i n g l e s o l u t i o n o f a system o f two r e a l n o n l i near equations. The Mach number and frequency are v a r i e d simultaneously i n t h i s procedure r a t h e r than one a t a t i m e as i n t h e conventional procedure. Thus the f l u t t e r Mach number and the f l u t t e r frequency are determined s i mu1 taneous 1 y .
The formulation o f a transcendental double eigenvalue problem i n p r e f e rence t o a l i n e a r s i n g l e eigenvalue problem may seem t o defeat t h e o b j e c t i v e o f increased e f f i c i e n c y , even i f i t i s more s u i t a b l e for automation. However, the p r i c e t o be p a i d i s n o t as g r e a t as i t may seem because t h e transcendental eigenvalue problem needs t o be solved f o r o n l y one s e t of eigenvalues i n most cases, whereas the l i n e a r eigenvalue problem has t o be r e p e a t e d l y solved f o r a l l the eigenvalues which equal i n number t o the number of assumed mode shapes. NUMERICAL SCHEME FOR DIRECT SOLUTION Equations (7) may be solved for MF and WF by Newton's method. The
9)
The Jacobian [ J k l i s expensive t o compute because the e v a l u a t i o n o f the aerodynamic m a t r i x [Ak] i s computationally i n t e n s i v e . Several quasi-Newton a l g o r i t h m s which approximate t h e Jacobian i n v a r i o u s ways a r e a v a i l a b l e . I n the f o l l o w i n g , a quasi-Newton a l g o r i t h m i s proposed t h a t i s more e f f i c i e n t than the c u r r e n t l y a v a i l a b l e a l g o r i t h m s f o r the d e t e r m i n a t i o n o f the f l u t t e r Mach number and the f l u t t e r frequency. The numerical scheme i s based on the hypothe s i s t h a t approximating the d e r i v a t i v e s of the f l u t t e r m a t r i x 1Bkl provides a more accurate approximation to the Jacobian m a t r i
x CJkl than d i r e c t l y approxi m a t i n g the d e r i v a t i v e s o f the c h a r a c t e r i s t i c determinant. The numerical scheme based on t h i s hypothesis approaches the Newton's method i n i t s s u p e r i o r convergence c h a r a c t e r i s t i c s with t h e same c o s t per i t e r a t i o n as the secant m e t hod.

The i t e r a t i v e scheme o f equation ( 8 ) i s f i r s t transformed i n o r d e r t o e x p l i c i t l y determine the r e l a t i o n between the d e r i v a t i v e s o f the c h a r a c t e r i st i c determinant and those o f t h e f l u t t e r m a t r i x . employing t h e f o l l o w i n g remarkable r e s u l t , known as t h e Trace theorem, proved
by Lancaster ( r e f . 
The i t e r a t i v e formula of e q u a t i o n (12) does n o t r e q u i r e t h e determinant o f t h e c o e f f i c i e n t m a t r i x CBkl of t h e f l u t t e r e q u a t i o n ( 4 ) . However, c~k1-1 i s r e q u i r e d t o compute g,MF and g,(,)F' The computational c o s t f o r t h e i n v e r s i o n o f CBkl i s u s u a l l y n e g l i g i b l e i n comparison t o t h a t o f f o r m i n g t h e m a t r i x [Bkl. reasoning s i m i l a r t o t h a t employed i n d e r i v i n g Broyden's method ( r e f . 23). approximated i n t h e d i r e c t i o n o f t h e l a s t move t o s a t i s f y The d e r i v a t i v e s [ B k l ,~~ and
-W F ( k ) . The d e r i v a t i v e s a r e and a r e assumed to be unchanged i n t h e d i r e c t i o n orthogonal t o t h e l a s t move and t h i s implies
f o r any MF and WF s a t i s f y i n g :
Equations (14) and (15) 
are solved t o o b t a i n I t was expected t h a t equations (131, i n c o n j u n c t i o n w i t h equations (16) and (171, approximate the Jacobian m a t r i x a c c u r a t e l y enough t o o b v i a t e t h e need t o update the Jacobian i n t h e e n t i r e range o f convergence. t h e n e x t s e c t i o n show t h a t t h i s i s indeed t h e case for the examples s t u d i e d , even when l a r g e moves w e r e made d u r i n g t h e i t e r a t i o n .
Results i n
The proposed numerical scheme for d i r e c t s o l u t i o n o f the f l u t t e r e q u a t i o n i s :
(1) Obtain i n i t i a l estimates MF (o) and WF(O) f o r t h e f l u t t e r Mach number and f l u t t e r frequency. (16) and (17).
(7) Repeat from step 3.
LBkl-1 from the f i n a l i t e r a t i o n of the above procedure can be used i n an i n v e r s e i t e r a t i o n scheme to determine the f l u t t e r mode a t l i t t l e a d d i t i o n a l c o s t . Thus, i f {qOF} i s the r e q u i r e d f l u t t e r mode and {v} i s any v e c t o r t h a t i s n o t t o t a l l y d e f i c i e n t i n scheme i s used t o o b t a i n t h e f l u t t e r mode: {qOF}, then the f o l l o w i n g inverse i t e r a t i o n Normally, one step o f the inverse i t e r a t i o n scheme i s s u f f i c i e n t t o o b t a i n f l u t t e r mode w i t h i n a reasonable accuracy.
RESULTS AND DISCUSSION
To demonstrate t h e c u r r e n t procedure, f l u t t e r boundary c a l c u l a t i o n s were performed for two c o n f i g u r a t i o n s o f propfan r o t o r s described i n references 2 and 3. The first c o n f i g u r a t i o n consists o f e i g h t i d e n t i c a l blades, designated SR3C-X2, made o f graphite-ply/epoxy-matrix m a t e r i a l . The second c o n f i g u r a t i o n i s an a l t e r n a t e l y mistuned rotor w i t h e i g h t blades. The r o t o r was c o n s t r u c t e d by a l t e r n a t e l y mounting two s e t s of composite blades. The f i r s t s e t o f f o u r blades, SR3C-X2, are t h e same as those on the rotor o f the f i r s t c o n f i g u r a t i o n . The second s e t o f blades, SR3C-3, are i d e n t i c a l to t h e f i r s t s e t except for t h e p l y angles o f the composite m a t e r i a l . reader i s r e f e r r e d t o references 2 and 3 . I n t h i s r e p o r t , the f i r s t c o n f i g u r at i o n i s c a l l e d the tuned rotor and t h e second c o n f i g u r a t i o n the mistuned rotor.
For d e t a i l s on the blade models, the
To v a l i d a t e the c u r r e n t procedure and the computer program, f l u t t e r bounda r i e s were c a l c u l a t e d a t v a r i o u s r o t a t i o n a l speeds for both the tuned and m i stuned r o t o r s . s o l u t i o n d i d n o t change t o f o u r s i g n i f i c a n t d i g i t s i n successive i t e r a t i o n s . During the i t e r a t i o n process, the value of the Mach number sometimes turned o u t t o be supersonic a t the t i p . No aerodynamic a n a l y s i s can be performed a t such Mach numbers u s i n g t h e c u r r e n t aerodynamic model. When such i n t e r m e d i a t e s o l u t i o n s ( i n c l u d i n g those i n v o l v i n g negative Mach numbers) arose, the move l e n g t h was c u t i n steps o f 80 percent u n t i l an acceptable Mach number was obtained. This technique was found to be e f f e c t i v e i n d r i v i n g t h e s o l u t i o n t o t h e d e s i r e d range w i t h o u t an excessive p e n a l t y i n the number o f i t e r a t i o n s . The r e s u l t s obtained w i t h the present procedure s t a r t i n g w i t h v a r i o u s i n i t i a l guesses a r e compared w i t h the "exact" f 1 u t t e r boundarles obtained u s i n g the conventional procedure, a t two r o t a t i o n a l speeds each for tuned and m i stuned r o t o r s . The f l u t t e r boundaries are i n e x c e l l e n t agreement for these cases, thus v a l i d a t i n g the accuracy o f t h e procedure and the convergence c r i t e r i a .
Convergence was considered t o have been obtained when t h e
o n procedure and the conventional procedure, i s shown i n t a b l e I. Note t h a t the conventional procedure r e l i e s on user i n t e r a c t i o n and judgment. t y p i c a l . i s a l s o more e f f i c i e n t as evidenced by the c o n s i d e r a b l y s m a l l e r number o f a n a l y s i s steps. reduced using the present procedure.
The progress of i t e r a t i o n shown for t h e conventional procedure i s The c u r r e n t procedure, i n a d d i t i o n t o being s u i t a b l e for automation, Thus both t h e CPU time and a n a l y s t man-hours a r e c o n s i d e r a b l y To judge the accuracy o f the approximate Jacobian, t h e n o n l i n e a r equat i o n s ( 7 ) were solved by Newton's method, t h e present numerical procedure and by a l t e r n a t e quasi-Newton methods such as t h e m u l t i -p o i n t secant method ( r e f . 24) (implemented i Figures 3, 4 , and 5 i l l u s t r a t e t h e convergence behavi o r o f the c u r r e n t procedure i n comparison t o Newton's method and t h e m u l t ip o i n t secant method. For t h e cases shown, t h e "exact" f l u t t e r Mach number was 0.641 and the "exact" f l u t t e r frequency was 294 Hz. Even though the characteri s t i c determinant Dk i s never c a l c u l a t e d i n the c u r r e n t procedure, the v a r i at i o n o f the absolute value of Dk w i t h each i t e r a t i o n i s shown i n f i g u r e 3 for comparison w i t h the Newton's method and the secant method. The i n i t i a l values for MF and OF were 0.65 and 330 Hz r e s p e c t i v e l y . The determinant value has been scaled so t h a t 1.0 5 ID01 5 10.0. u s i n g the c u r r e n t numerical procedure c l o s e l y resembles t h a t o f t h e Newton's method i n d i c a t i n g the accuracy of the approximation proposed here f o r the Jacobian m a t r i x . I n c o n t r a s t , the secant approximation f o r t h e Jacobian m a t r i x almost doubles the number o f i t e r a t i o n s r e q u i r e d for convergence i n t h i s case.
I t i s seen t h a t the i t e r a t i o n h i s t o r y
The range of convergence i s an important f a c t o r i n any i t e r a t i v e procedure since i t has an important e f f e c t on how c l o s e l y t h e i n i t i a l s o l u t i o n must approximate the f i n a l s o l u t i o n . i s seen t o be s l i g h t l y l a r g e r than t h a t w i t h t h e secant method. From these f i g u r e s , i t can be s t a t e d t h a t the present procedure has a l a r g e r a d i u s o f convergence.
The r e s u l t s obtained show t h a t a f a i r i n i t i a l guess would converge to the "exact" f l u t t e r p o i n t a t the expense o f about 5 t o 10 f l u t t e r m a t r i x evaluat i o n s . o b t a i n the f l u t t e r boundary for the case o f a good i n i t i a l guess and a poor i n i t i a l guess. The CPU times f o r one f l u t t e r eigenvalue a n a l y s i s a t a given s e t o f Mach number and assumed frequency are a l s o shown for comparison. With a good i n i t i a l guess, the f l u t t e r Mach number and the f l u t t e r frequency can be obtained f o r two o r three t i m e s the cost o f a s i n g l e e i g e n a n a l y s i s . present procedure i s much l e s s expensive i n t e r m s of CPU t i m e as w e l l as anal y s t ' s man-hours than the conventional procedure, even though p r e c i s e comparisons have n o t been made. Table I 1 shows the CPU times on the CRAY-XMP t h a t were r e q u i r e d t o The However, the primary m o t i v a t i o n for the c u r r e n t procedure has been the feasibility of automation rather than the computational expense.
than o n e structural modes were t o flutter in the Mach number and frequency range of interest for the selected intergroup phase angle mode. Under these circumstances, one will be forced t o search the entire range of interest for the roots of the equations (7) starting with different initial guesses and this is not amenable t o an efficient automated procedure. However, it is expected that such is rarely the case for tuned o r alternately mistuned propfans. This is not a major limitation for two other reasons: ( 
